INTRODUCTION
The relatively extreme conditions of corrosion encountered in the petro leum, petro-chemical, and chemical industries have necessitated the use of structural materials possessing outstanding resistance to corrosion. In order to handle the various corrosive liquids, the structural materials must be capable of being readily fabricable into pressure vessels, heat exchangers, tanks, and other related equipment. Nickel-base alloys containing molybdenum have been utilized extensively in a large number of these applications, including service in hydrochloric acid, sulfuric acid, oxidizing salts, 12 3â
lkaline solutions, and many other highly corrosive media. This commercially available alloy (Ni-27$ Mo-~5$ Fe) was investigated in detail by the Metallurgy Division of the Oak Ridge National Laboratory in order to determine its general suitability for service in the 1200 -1300°F temperature range. At the time of this investigation, INOR-8 filler wire was not available for the deposition of welds on this material. Consequently, strips of approxi mately square cross section were sheared from 0.10-in.-thick sheet material.
The chemical analyses of these materials are shown in Table I .
EQUIPMENT
The inert-gas-shielded tungsten-arc process was used throughout the investi gation for the preparation of all weldments. The 0"252-in. The etchant used in the metallographic examination was chrome regia (l part 1$ chromic acid solution, 3 parts hydrochloric acid, and 10 parts water)" Etching was performed at room temperature for times varying from 3 to 5 sec.
Hardness measurements were made with a Vickers diamond pyramid indenter with a 10-kg load.
EXPERIMENTAL PROCEDURE
The preparation of the numerous all-weld-metal tensile, hardness, and metallographic specimens used in this investigation required the manual deposition of extensive quantities of weld metal in the grooves of weld test plates. A joint design was selected which would provide a relatively large weld-metal cross section. Parent plate's, l/2 in. thick and 20 in. long, were machined and assembled to permit a square-groove weld with a 5/8-in. width.
All-weld-metal 0.252-in.-dia reduced-section tensile specimens were machined from these weld test plates, and hardness and metallographic specimens of adequate size were readily obtained from the remaining portions of the plate. weld was recorded, evaluated for possible trends or discrepancies, and filed for reference.
The welded joints were then dye-penetrant inspected and radiographed to determine the presence of porosity, cracking, or other defects. All the alloys discussed in this report were found to be readily weldable, and no difficulties were encountered. The all-weld-metal tensile, hardness, and metallographic specimens were machined from the 20-in"-long weld deposits.
All-weld-metal tensile specimens were tested at room temperature and at 1200°F in the as-welded and welded-and-aged conditions. Hardness trav erses across welded jdints were made in order to determine the extent of age hardening occurring in both weld metal and parent plate at various temperatures and time intervals.
RESULTS
Since the aging behavior of Hastelloy Alloy B and Hastelloy Alloy W welds appeared to be the result of the precipitation of a phase or phases, the effects of aging time and aging temperature on the room-temperature hardness were studied and correlated with the observed microstructures.
The mechanical properties of weld metal, before and after aging at 1200°F, were also determined. Welds of the non-age-hardenable alloy, INOR-8, were included in this study for comparative purposes.
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The nickel-molybdenum binary-phase diagram shown in 
Hardness Studies
Hastelloy Alloy B -The effect of aging for 200 hr at 1100, 1200, 1300, and 1500°F upon the room-temperature hardness of Hastelloy Alloy B welded joints is shown in Fig. 7 . These hardness traverses across the welded joint indicate that hardening of both the weld metal and parent plate occurs during exposure in the temperature range 1100 -1500°F" This condition is the most pronounced upon aging at 1300°F, but significant hardening at 1100, 1200, and 1500°F is also evident. Aging at 1300°F appears to cause the area immediately adjacent to the weld fusion line to be particularly susceptible to hardening. It will be noted that the hardness traverses of the aged specimens in
Figs. 7 and 8 reveal a gradual increase in parent-metal hardness as the weld fusion line is approached. This hardness gradient in the specimens aged at 1300°F for 200 and 500 hr occurs over a distance of 0,7 in. or greater, which is considerably wider than the conventional heat-affected zone of the weld.
This condition is a result of accelerated precipitation as shown in Fig. 9 .
A similar panorama of the material in the as-welded condition is shown in •-\. 
if I>)
The influence of aging at a typical reactor operating temperature of 1200°F upon the room-temperature mechanical properties of weld metal of the three alloys is shown in Fig. 14 The tensile properties of the three alloys at 1200°F are shown in Fig. 15 . The tensile strength of the age-hardenable alloys increases with increasing time at temperature, and the ductility decreases. Again the Hastelloy Alloy B exhibits a ductility of 3/0 after aging for 500 hr. INOR-8, however, exhibits an increase in ductility, probably as a result of some carbide spheroidization or redistributionĈ .
Metallographic Studies
Hastelloy Alloy B -The microstructure of Hastelloy Alloy B weld metal in the as-welded condition exhibits the presence of carbides in the grain bound aries and between dendrites. Aging at 1200°F produces a very fine Widmanstattentype precipitate which has tentatively been identified as the beta phase of the nickel-molybdenum binary diagram. This precipitate probably caused the extensive hardening of the material noted in the preceding discussion.
A coarser and more general Widmanstatten type of precipitation in the weld metal was noted upon aging at 1300°F. The extensive hardening of the base metal and weld metal noted upon aging at this temperature is also apparently associated with the beta phase.
The hardening noted at 1500°F is due to the precipitation of an angular phase which, according to the nickel-molybdenum phase diagram, may be the gamma phase. A composite of the microstructures occurring from aging at these temperatures is shown at 200 X and 1000 X in Fig. 16 .
Hastelloy Alloy W -The microstructure of Hastelloy Alloy W weld metal in the as-welded condition is shown in Fig. 17 . Aging at 1200°F produced no precipitate visible under the microscope at 1000 X; however, the presence of a submicroscopic precipitate is postulated in view of the significant hardening and ductility decrease noted after exposure to this temperature for extended periods,. Less precipitation than that observed in Hastelloy Alloy B would be 2. Hardness studies indicate that Hastelloy Alloy B weldments (weld metal and parent plate) are subject to significant age hardening during service in the temperature range 1100 -1500°F, with the greatest hardening noted at 1300°F. The effect of aging at 1200°F was studied extensively and was found to increase the room-and elevated-temperature tensile strength of weld metal, while severely decreasing the ductility.
3. An increased hardening in the parent metal of Hastelloy Alloy B weldments adjacent to the weld was attributed to plastic strain in the weldment created during the welding operation., 4o The precipitate observed in Hastelloy Alloy B welds and parent plate after aging at 1300°F and below has been tentatively identified as the beta phase of the binary nickel-molybdenum phase diagram, while that at 1500CF
has been tentatively identified as the gamma phase.
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